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Introduction

Video-assisted thoracoscopic surgery (VATS), a standard 
treatment for early lung cancer (1-4), solitary pulmonary 
nodule (5-8) and hyperhidrosis (9), has been found to be 
associated with fewer complications as compared with 
traditional open thoracotomy. However, intubated VATS 

(IVTAS) under general anesthesia has been shown to be 
associated with several unfavorable side effects, such as 
ventilation-related lung injury, intubation-induced airway 
injury, postoperative vomiting and nausea (10). Since the 
first case report by Jacobeus and Bethune in 1922 (11), non-
intubated video-assisted thoracoscopic surgery (NIVATS) 
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under local anesthesia has gradually emerged as a promising 
technique for thoracic surgery. Since then, a series of clinical 
trials have been launched to explore the feasibility of NIVATS 
under local or regional anesthesia, including thoracic epidural 
anesthesia and intercostal-nerve blocks in general. 

Chen et al. (12) report that lung cancer patients 
undergoing non-intubated surgery have lower complication 
rates, lower occurrence of sore throat, earlier postoperative 
oral intake, but have no remarkable differences in 
postoperative complication rate and hospital stays. Despite 
many studies on the comparison between NIVATS and 
IVATS have been reported, the majority of them have 
limited samples with conflicting results. We performed a 
systematic review and meta-analysis on pooled data from 
eligible studies to compare efficacy and safety between 
NIVATS and IVATS on.

Methods

Anesthesia procedure

The anesthesia procedure is the comprehensive procedure 
from the literature (13-16). During the operation 
procedure, all patients were continuously monitored by 
electrocardiogram, pulse oxymeter, blood pressure, body 
temperature, and end-tidal CO2 by insertion of a detector 
into the nostril. In the non-intubated or awake group, 
patients underwent the thoracic epidural anesthesia (TEA) 
or intercostal nerve block. The intercostal nerve block was 
usually carried out by local injection of lidocaine 2% (4 mg/kg)  
and ropivacaine 7.5% (2 mg/kg). The objective of TEA 
was to achieve somatosensory and motor block at the T1–
T8 levels and preserve diaphragmatic respiration. After 
premedication with midazolam, a thoracic epidural catheter 
was inserted at the T4 level. In the operating room, patients 
received a continuous infusion of sufentanil (1.66 μg/mL)  
and ropivacaine (0.2–0.5%) or 2% lidocaine into the epidural 
space. Meanwhile, patients breathed O2 through a venturi 
mask to maintain oxygen saturation greater than 90%. 

General anesthesia was induced by intravenous propofol 
(1.5 to 2.0 mg/kg), fentanyl (0.1 mg), vecuronium (0.1 mg/kg)  
or rocuronium (0.6 mg/kg). A left-sided double-lumen tube 
was routinely inserted. The epidural catheter was removed 
at 48 hours after surgery.

Literature search strategy

This meta-analysis was carried out according to the 

Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines (17). A systematic 
and comprehensive computerized literature search was 
performed in PubMed, ISI Web of Science and Cochrane 
Library using a combination of MeSH terms “non-
intubated”, “non-tracheal intubation”, “awake”, “video-
assisted thoracoscopic surgery”, “VATS”, “thoracoscopic” 
and “thoracoscopy”, to screen literature up to February 
2018. The relevant papers were subsequently searched as a 
supplement. 

Criteria for inclusion and exclusion

Eligible studies included the following criteria: (I) 
randomized controlled trials (RCTs) or observational 
studies that compared non-intubated or awake VATS 
under local or regional anesthesia with intubated VATS 
under general anesthesia in patients for thoracic surgery; 
(II) studies with sufficient data for estimation of weighted 
mean differences (WMDs) or odds ratios (OR); (III) studies 
in which both groups of patients in a study underwent the 
same surgical procedures for VATS; (IV) the most recent 
study was selected in case of duplication. The exclusion 
criteria were as follows: (I) absence of comparison of non-
intubated VATS with intubated VATS for thoracic surgery; 
(II) patients in both groups received different surgical 
procedures; (III) reviews, letters, editorials, expert opinions, 
case report, and animal experiments; (IV) relevant data 
could not be extracted.

Data extraction

Two of the authors (K Zhang and HG Chen) independently 
performed the data extraction from the eligible studies 
according to a standard protocol. If data were missing or 
incomplete in their publications, we contacted the authors 
by email. Disagreements were resolved by consensus with a 
senior investigator (J Zhang). The extracted data included 
the first author, year of publication, study design, number 
of study subjects, postoperative complications, global in-
operating time, operating time, anesthesia time, hospital 
stay, perioperative mortality, estimated blood loss (EBL), 
chest-tube placement time, visual analogue scale (VAS) 
score, anesthesia satisfaction score (ASS) and matching 
criteria. Postoperative complications were as follows: VAS 
score is a unidimensional measure of pain intensity, and ASS 
score is a measure of satisfaction with anesthesia delivery. 
The postoperative complications include hoarseness, 
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hemothorax, cardiac complications (arrhythmia, atrial 
fibrillation, and cardiac failure), lung complications (air 
leaks >5 days, pulmonary infection, atelectasis, respiratory 
failure), and death.

Quality assessment of included studies

The quality of the included RCTs was assessed by the 
tool “risk of bias” according to the Cochrane Handbook 
(version 5.3) (18), and the Jadad scale, which consisted 
of randomization (0–2 points), blinding (0–2 points) and 
withdrawals (0–1 point). Studies scored ≥3 points were 
defined as high quality. The quality of all observational 
studies was assessed by the Newcastle-Ottawa Scale 
(NOS) (19,20), based on three factors: patient selection, 
comparability of the study groups and exposure. A rating 
of 0-9 was allocated to each study based on the above three 
parameters and a study with a score ≥6 was considered as 
high-quality and a score lower than 6 was defined as poor 
quality.

Statistical analysis

The data were analyzed using Review Manager software 

(version 5.3, Cochrane Collaboration, UK). WMDs with 
95% confidence intervals (CIs) was used to analyze the 
continuous variables and dichotomous variables were 
calculated using OR. Heterogeneity was assessed by I2 
statistics. A random-effects model was adopted if high 
between-study heterogeneity (P<0.1 or I2>50%) was 
observed; otherwise, a fixed-effects model was used. Funnel 
plots were used to estimate potential publication bias, and 
asymmetry of the funnel plot was tested by Begg’s test and 
Egger’s test (21). A two-tailed P value of 0.05 or less was 
deemed statistically significant.

Results

Studies characteristics

A flow diagram depicting the selection of eligible studies 
according to the PRISMA guidelines is shown in Figure 1  
After the exclusion of 288 studies that did not meet our 
inclusion criteria, 15 eligible studies (12,15,22-34) were 
screened out for meta-analyses. One study was published 
in Chinese, and 14 studies were published in English. As 
shown in Table 1, 9 studies were of good quality based on 
the Newcastle-Ottawa Scale and Jadad scales. Quality 
of included studies was generally low. Two of 5 RCTs 

Figure 1 Flow diagram of the selection process of articles.
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Table 1 Studies included in the meta-analysis

Study Year Study design Indications
Patients No.

Matching criteria* Quality assessment
NIVATS IVATS

Ambrogi et al. 2017 Retrospective Wedge resection 45 13 1, 2, 4 NOS: 7

Cai et al. 2013 RCT Bullectomy 30 30 1, 2, 3, 5, 9 Jadad score: 2 points

Cajozzo et al. 2015 Retrospective Talc pleurodesis 95 79 1, 2 NOS: 4

Chen et al. 2011 Retrospective Lobectomy 30 30 1, 2, 3, 4, 5, 6, 9, 10 NOS: 6

Chen et al. 2016 RCT Sympathectomy 85 83 1, 7 Jadad score: 4 points

Irons et al. 2016 Retrospective Bullectomy 31 31 1, 2, 3, 5, 8, 9 NOS: 6

Liu et al. 2016 Retrospective Lobectomy 116 116 1, 2, 3, 4, 5, 6, 9, 10 NOS: 7

Sympathectomy 20 20

Mineo et al. 2006 Retrospective Lung volume reduction 12 12 1, 2, 10 NOS: 4

Mineo et al. 2014 Retrospective Talc pleurodesis 231 231 1, 2, 8 NOS: 6

Noda et al. 2012 Retrospective Bullectomy 15 42 1, 2, 7, 8 NOS: 5

Pompeo et al. 2004 RCT Wedge resection 30 30 1, 2, 5, 6, 8, 10 Jadad score: 3 points

Pompeo et al. 2007 RCT Bullectomy 21 22 1, 2, 4, 9 Jadad score: 2 points

Pompeo et al. 2011 Retrospective Lung volume reduction 41 19 3, 10 Jadad score: 3 points

Pompeo et al. 2013 RCT Talc pleurodesis 20 20 1, 2, 5, 10 Jadad score: 2 points

Wu et al. 2013 Retrospective Lobectomy 36 48 1, 2, 3, 4, 5, 6, 8, 10 NOS: 7

*, matching criteria: 1, age; 2, gender; 3, body mass index; 4, lung side; 5, American Society of Anesthesiologists score; 6, lesion size; 7, 
previous thoracic surgery history; 8, patient co-morbidities; 9, smoking exposure; 10, pulmonary function test. RCT, randomized controlled  
trial; NOS, Newcastle-Ottawa scale; NIVATS, non-intubated video-assisted thoracoscopic surgery; IVATS, intubated video-assisted  
thoracoscopic surgery. 

identified the methods for randomization (12,31), and the 
rest did not provide detailed methods for randomization 
(23,30,31). Only Chen et al. used sequentially numbered 
sealed envelopes disclosing the type of procedure to make 
the allocation. Ten studies were retrospective case-control 
studies and 5 studies were RCT studies. One study (34) 
includes 2 kinds of surgery: lobectomy and sympathectomy. 
A total of 1,684 patients were included, of which 858 
(51.0%) patients underwent non-intubated VATS and 826 
(49.0%) patients underwent intubated VATS. The details of 
all the included studies were summarized in Table 1.

Sensitivity analysis and publication bias

The sensitivity analysis was performed to evaluate the 
stability of this meta-analysis, the results showed that our 
methods were reliable and did not remarkably change the 
primary outcome of overall analysis (Table 2). Publication 
bias was tested by Begg’s test and Egger’s test which 

indicated that all included studies were within the 95% CIs, 
with evidence of symmetry, with no significant publication 
bias (Begg’s test and Egger’s test both P>0.05). Figure 2 
shows the risk of bias summary. The majority assessment of 
selected studies was of low risk. The funnel plot (Figure 3) 
of the primary outcome (postoperative complication) also 
indicates that the publication bias of this study was small 
and acceptable.

Primary outcome

Postoperative complications
The Forrest plot of postoperative complications between 
the NIVATS group and the IVATS group is shown in 
Figure 4. Thirteen studies (12,15,22,24-29,31-34) with 
complete postoperative complication data were included 
in the analysis. As the heterogeneity between studies was 
acceptable (I2 statistic =23%, P=0.20), the fixed-effect model 
was adopted for this meta-analysis. The result showed that 
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Table 2 Sensitivity analysis comparison of NIVATS group and IVATS group

Outcomes
Studies, 

No.
NIVATS  

patients, No.
IVATS  

patients, No.
WMD/OR (95% CI) P

Study heterogeneity

χ² df I² (%) P

Primary outcomes

Postoperative complications rate 13 808 776 0.63 (0.46, 0.86) <0.01* 16.94 13 23 0.20

Secondary outcomes

Global in-operating time 10 492 478 −35.96 (−48.00, −23.91) <0.01* 163.03 9 94 <0.01*

Operating time 13 596 564 −0.16 (−2.55, 2.24) 0.90 35.58 13 63 <0.01*

Hospital stay 13 758 701 −1.35 (−1.72, −0.98) <0.01* 40.41 13 68 <0.01*

Perioperative mortality 14 838 806 0.13 (0.02, 0.99) <0.05* 0.39 1 0 0.53

EBL 4 232 244 0.42 (−1.61, 2.44) 0.69 1.55 4 0 0.82

Chest tube placement time 4 291 275 −1.04 (−1.75, −0.33) <0.01* 12.04 4 67 0.02*

Anesthesia time 7 195 174 −7.29 (−13.30, −1.29) <0.01* 44.57 6 87 <0.01*

VAS score 3 136 135 −1.31 (−2.45, −0.17) <0.05* 34.49 2 94 <0.01*

Liu et al. (34) includes two subgroups: lobectomy and sympathectomy (in 2016). *, statistically significant results are shown. “Global 
in-operating time” was defined as the overall time in the operating theatre (including anesthesia time, operating time, ventilator weaning 
time, and time required in the recovery room to achieve a stable clinical condition necessary for transfer to the ward), while “Operating  
time” was defined as the duration of the procedure. WMD/OR, weighted mean difference/odds ratio; df, degrees of freedom; CI,  
confidence interval; VAS, visual analog scale; EBL, estimated blood loss; NIVATS, non-intubated video-assisted thoracoscopic surgery; 
IVATS, intubated video-assisted thoracoscopic surgery.

complication rate of NIVATS group was significantly lower 
(10.3% and 16.5%; OR: 0.63; 95% CI, 0.46–0.86; P=0.004) 
as compared with the intubated group. 

Secondary outcomes

Global in-operating time, operating time and 
anesthesia time
Analysis of data from 10 studies (15,22,25-29,31-33) 
revealed a significantly shorter global in-operating time in 
the non-intubated group than the intubated VATS group 
(WMD: −35.96 min; 95% CI, −48.00 to −23.91; P<0.00001; 
Figure 5). However, analysis of operating time data from 
thirteen studies (12,15,22-25,27,29-34) with 1,160 patients 
showed no difference between the two groups (WMD: 
−0.16 min; 95% CI, −2.55 to 2.24; P=0.90). In the NIVATS 
group, the anesthesia time was significantly shorter than the 
control group (WMD: −7.29 min; 95% CI, −13.30 to −1.29; 
P=0.02; Figure 6), which may be attributed to a shorter time 
of induction of anesthesia and endotracheal intubation.

Hospital stay and perioperative mortality
Thirteen studies reported for the duration of hospitalization. 

There was significant heterogeneity among these studies 
(I2 statistic =68%, P<0.01). The meta-analysis showed a 
significantly reduced hospital stay in the NIVATS group 
(WMD: −1.35 days; 95% CI, −1.72 to −0.98; P<0.00001). 
The forest plot is summarized in Figure 7. Fourteen included 
studies (12,15,22-29,31-34) listed the perioperative mortality 
rate out of which twelve reported no mortality. The 
perioperative morbidity rate was lower in the non-intubated 
VATS cases than in the intubated VATS cases (0% vs. 1.2%; 
OR =0.13; 95% CI, 0.02–0.99; P=0.05, Figure 8).

EBL and chest-tube placement time
Only four studies (15,23,25,34) with 476 patients evaluated 
EBL, which showed no significant difference between 
the NIVATS and IVATS groups (WMD: 0.42 mL; 95% 
CI, −1.61 to −2.44; P=0.69). The duration of chest-tube 
placement time reported, however, was shorter in the 
NIVATS group compared with the IVATS group (WMD: 
−1.04 days; 95% CI, −1.75 to −0.33; P<0.01).

Visual analogue scale (VAS) score and anesthesia 
satisfaction score (ASS)
The present meta-analysis included three studies with 



3561Journal of Thoracic Disease, Vol 11, No 8 August 2019

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2019;11(8):3556-3568 | http://dx.doi.org/10.21037/jtd.2019.07.48

Figure 2 Risk of bias summary: review authors’ judgments about 
each methodological quality item for each included study. The 
symbols  “+”, ‘‘−’’ and ‘‘blank’’ represent low risk of bias, high risk 
of bias and uncertain of bias, respectively.

Figure 3 Funnel plot illustrates the meta-analysis of perioperative 
complication rates. SE, standard error.

complete data on VAS score (12,31,32). Due to the 
heterogeneity of studies (I2 statistic =94%, P<0.01), a 
random effect model was adopted. The result of WMD 
=−1.31 (95% CI, −2.45 to −0.17) indicated a lower 
postoperative pain in NIVATS group as compared with 
the control group (P=0.02). Three studies evaluated the 
anesthesia satisfaction score comprising four grades (4, 
excellent; 3, good; 2, satisfactory; 1, unsatisfactory) (31-33).  
The analysis revealed no significant difference in ASS 
between the two groups (WMD: 0.54, 95% CI, −0.11 to 
1.19, P=0.11).

Subgroup analysis

Outcomes included at least in two studies were further 
evaluated by subgroup analysis. 

NIVATS lobectomy vs. IVATS lobectomy
There were no significant differences in the subgroup 
analysis as compared with the original analysis, except for 
the hospital stay (WMD: −1.07; 95% CI, −1.71 to −0.43; 
P<0.01) and the global-in operating time (WMD: −10.98; 
95% CI, −44.98 to 23.02; P=0.53).
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Figure 4 Forest plot of postoperative complication rate for the non-intubated group vs. the intubated group. 

NIVATS bullectomy vs. IVATS bullectomy
There were no significant differences in the subgroup 
analysis as compared with the original analysis in hospital 
stay (WMD: −2.15; 95% CI, −3.69 to −0.62; P<0.01) and 
anesthesia time (WMD: −8.57; 95% CI, −14.80 to −2.34; 
P<0.01). However, we found no significant difference 
between two groups in the incidence of postoperative 

complications (26.9% vs. 32.6%; OR =1.19, 95% CI, 0.55–
2.57; P=0.66).

NIVATS wedge resection vs. IVATS wedge resection
Subgroup analysis in anesthesia time was not performed 
due to the lack of sufficient data. There were no significant 
differences in the subgroup analysis compared with the 
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Figure 5 Forest plot of global in-operating time for the non-intubated group vs. the intubated group. 

Figure 6 Forest plot of anesthesia time for the non-intubated group vs. the intubated group. OR, odds ratio.
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original analysis in hospital stay (WMD: −0.97 days; 
95% CI, −1.31 to −0.63; P<0.01) or the frequency of 
postoperative complications (5.3% vs. 14%; OR =0.27, 95% 
CI, 0.06–1.11; P=0.07).

RCTs vs. non-RCTs
As shown in Table 3, the results and subgroup differences 
were compared between RCT and non-RCT studies. Most 
significant results were consistent with overall significances 
in the original analysis. Except for chest tube placement 
time (P=0.01), the other outcomes had no significant 
subgroup differences between RCTs and non-RCTs (all 
P>0.05).

Discussion

Intubated anesthesia with single-lung mechanical ventilation 
remains the standard approach for thoracic surgery. 
However, this anesthesia method is closely associated 
with some adverse effects (10). In this decade, the non-
intubated technique has been gradually applied in general 
thoracic operations, which has been reported to decrease 
postoperative complications (12). Although NIVATS is 
associated with many benefits as compared with IVATS, 
whether NIVATS could achieve safer and more efficient 
in patients with thoracic disease remains controversial. 
In this study, the meta-analysis comprising 5 RCTs and 
10 retrospective studies and 1,684 patients revealed that 

Figure 7 Forest plot of hospital stay for the non-intubated group vs. the intubated group. 
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Table 3 Subgroup analysis stratified by RCTs and non-RCT

Outcomes
RCTs Non-RCTs Test for subgroup differences

WMD/OR (95%CI) P WMD/OR (95%CI) P χ² I² (%) P

Primary outcomes

Postoperative complications rate 0.68 (0.25, 1.86) 0.46 0.55 (0.39, 0.77) <0.01* 0.17 0 0.68

Secondary outcomes

Global in-operating time −28.82 (−41.55, −16.10) <0.01* −41.23 (−59.03, −23.43) <0.01* 1.23 19 0.27

Operating time 0.61 (−0.81, 2.02) 0.40 −4.43 (−11.40, 2.54) 0.21 1.92 48 0.17

Hospital stay −1.62 (−2.65, −0.60) <0.01* −1.26 (−1.70, −0.81) <0.01* 0.41 0 0.52

Perioperative mortality – – 0.13 (0.02, 0.99) <0.05* – – –

EBL 0.50 (−1.53, 2.53) 0.63 −11.69 (−36.20, 12.83) 0.35 0.94 0 0.33

Chest tube placement time −1.90 (−2.71, −1.09) <0.01* −0.64 (−1.17, −0.12) 0.02* 6.46 84.5 0.01*

Anesthesia time −10.37 (−20.13, −0.61) 0.04* −5.27 (−10.51, −0.03) <0.05* 0.81 0 0.37

VAS score −1.31 (−2.45, −0.17) 0.02* – – – – –

*, statistically significant results are shown. WMD/OR, weighted mean difference/odds ratio; df, degrees of freedom; CI, confidence inter-
val; VAS, visual analog scale; EBL, estimated blood loss; RCT, randomized controlled trial.

Figure 8 Forest plot of perioperative mortality rate for the non-intubated group vs. the intubated group. 

NIVATS under regional or local anesthesia could be safer 
and more efficient for thoracic disease as compared with 
IVATS, in term of postoperative complications, hospital 
stays, anesthesia and chest intubation time, postoperative 
pain and perioperative mortality rate.

The NIVATS procedure is associated with minimal 
trauma and quick recovery, and low rate of postoperative 
complications, such as pneumonia, air leak, atrial 

fibrillation, hoarseness, and gastrointestinal vomiting. 
We believe that some complications in the IVATS might 
be due to the endotracheal intubation, especially for 
double-lumen tube intubation. Although NIVATS is more 
challenging for surgeons compared with IVATS procedure, 
our meta-analysis in postoperative complications reveals 
that the NIVATS approach is safe for thoracic surgery than 
IVATS (10.3% vs. 16.5%, P<0.01). In addition, patients 
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undergoing NIVATS can breathe spontaneously without 
mechanical ventilation, which eliminates intubation-
related complications and side effects of general anesthesia. 
Moreover, it has been demonstrated that NIVATS 
under local or regional anesthesia inhibits the level of 
inflammatory cytokines (tumor necrosis factor-α and 
C-reactive protein) (35), lymphocyte activity (36) and 
surgical stress hormones response (37) as compared with 
IVATS under general anesthesia. These may account for the 
lower incidence of postoperative complications and hospital 
stays in those treated with NIVATS. 

In this study, the NIVATS group had a shorter hospital 
stay, less anesthesia time, less chest-tube placement time 
and less chest pain as compared with the IVATS group. 
However, there were no differences in operating time and 
blood loss between groups. These results suggest that 
NIVATS is a better anesthesia procedure than the IVATS 
method. Nevertheless, our findings are inconsistent with 
Wu et al.’s report (15), in which no significant differences 
were found in blood loss, postoperative hospital stay and 
complication rate between NIVATS and IVATS methods. 
This discrepancy suggests that more randomized-controlled 
trials should be conducted to investigate this issue.

To minimize the publication bias, we conducted a 
sensitivity analysis. Sensitivity analysis showed that 
removing any study from the pooled data did not vary the 
original results substantially. Although our meta-analysis 
was not from pure RCTs and without randomization in 
most of the included RCTs, Begg’s test and Egger’s test 
did not show any publication bias. Nevertheless, due to 
only half of these studies were of high quality, these results 
should be interpreted with caution.

As shown in Table 2, the between-study heterogeneity 
was significant for the majority of continuous variables, but 
not significant for dichotomous variables. Although the 
surgical method was one of the main reasons for between-
study heterogeneity, other factors still cannot be ruled out, 
such as expertise level of the surgeon or anesthetist’s skill 
level, VATS devices, matching criteria and measurement 
standards. The random-effects model can reduce but not 
completely eliminate the between-study heterogeneity.

Some limitations of our study should be pointed out. 
Firstly, most of the included studies were retrospective 
studies without sufficient information about randomization 
and blinding. Secondly, most studies were conducted in 
major medical centers with varying protocols and surgeons 
with different level of expertise, which might not well reflect 
the general situation. Further systematic reviews should 

be conducted to evaluate different indications separately 
when enough literature is available. Moreover, there was 
significant heterogeneity in the global in-operating time, 
operating time, anesthesia time, ASS and VAS scores 
among the included studies. Sensitivity analysis significantly 
reduced the heterogeneity for operating time and ASS, but 
not for the other factors. Except for surgical procedures, 
differences in lesion size, lesion location, properties of the 
lesion, patients’ physical status or nationality are likely to 
contribute to the high heterogeneity. Lastly, because this 
procedure has only been used clinically in recent years, the 
lack of long-term follow-up studies may bias the results of 
our meta-analysis.

Conclusions

This study showed that non-intubated VATS could reduce 
the rate of postoperative complications, shorten hospital 
stay and decrease perioperative mortality rate, indicating 
that the non-intubated VATS is a safe, effective and feasible 
technique for the thoracic disease. However, the long-term 
efficacy of non-intubated VATS remains to be investigated. 
A well-designed, large-scale, multi-center RCT is needed to 
further validate its advantages.
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